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Abstract.

Both the quasi—continuum gfrays as well as the ridges from the feeding (and decay) ofrdef@med and normal bands
have been extracted in the nuclégéDy. A model has been developed tisitnultaneouslylescribes all these spectra as well
as the feeding intensity of the superdeformed bands. Thrtheycalculation of the continuum gfrays at finite temperature,
the rotational damping width in the normal and superdefarmells are extracted. This is the first time the rotationahpgig
width in a superdeformed well has been measured in th&30 mass region.

INTRODUCTION

In a number of nuclei, strong deforming shell effects leadioexcited minimum associated with large, prolate
deformation (with a major to minor axis ratio e§2:1) [1, 2]. The properties of the excitations occurring list
superdeformed (SD) minimum continue to be a subject of matdrést. Superdeformation 132Dy was originally
discovered by studying ridges, i.e., structures paratleht diagonal, iny — y coincidence matrices [3, 4]. Only
afterwards was the first discrete SD band discovered [5]igrthcleus. It took 16 years to link this SD band to the
normal deformed (ND) states it decays into [6], and receBflyband 6, built on an octupole vibration, was linked
to the yrast SD band [7] as well. These two feats were onlyiplesbecause gerylarge data set was collected with
Gammasphere [8]. This data set also makes it possible tatakes look at the quasi—continuum (QC)yofays with
much higher precision.

Initself it is important to study the QC gfrays as a means to elucidate the feeding mechanism of SD a3
in heavy—ion fusion reactions [9, 10]. Moreover, the QC hesrbused to determine the spin and energy of SD bands
when discrete linking transitions cannot be found [9]. Therelations in the/~y coincidence matrices furthermore
allow for a determination of the important rotational dangp[11, 12, 13, 14, 15, 16, 17, 18] at finite temperature.
Here the level density may be so high that E2 transitions ar®mger just simple intra-band transitions: the initial
and final states are complicated superpositions resultorg the mixing of a large number of states. The ensuing
distribution ofy-ray energies out of each state acquires a width, the ro&talamping width, the FWHM of which
is denoted” ;.- In addition,y—y correlation matrices also address more specific two stepletions, described by a
more narrow widthlnar [15, 16, 17, 18]. The main aim of this work is to extrag} .. ['nar and the relative intensities

of the wide and narrow components f3¢Dy.
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0.16- - EXP .
- - — FEED+ DQ - Figure 1. The QC ofy rays when dou-
0.14- — ble coincidence gates are set on clean
combinations of SD lines from band 1
> 0.12 in 152Dy [6]. The data have been sorted
(Ohe spike free and for the different polar an-
= gles of Gammasphere. Local background
% 0.1 spectra were subtracted [19] before un-
-~ folding [20]. The discrete peaks were re-
©0.08 moved and the points with error bars
B are the sum of angle sorted spectra af-
'>—_0 06 ter correction for Doppler shifts. The
' dotted curve shows the calculation of
the decay—out QC (sum of statistical E1
0.04 and quadrupole E2 transitions) and the
dashed curve is the calculation of the
0.02 feeding QC. The solid line is the sum of
these two calculated QC components.
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EXPERIMENTAL DETAILS

ND and SD bands were populated??Dy using the reactiod®®Pd(*¢Ca,4n}>?Dy at 194 MeV (mid target). The
48Ca beam was delivered by the 88 inch cyclotron facility at lthewrence Berkeley National Laboratory and the
target consisted of a stack of twe0.4 mg/cn? self—supporting'®®Pd foils. They rays were measured with the
Gammasphere array [8], comprised of 100 Compton suppregssethnium detectors. As described in Ref. [6], events
associated with th&*2Dy reaction channel were tagged by detecting (with an effijieof ~ 80%) the decay of the
86 ns, 17 yrast isomer [21], in the most forward BGO detectors [22]taf airray. A total of 1.6<10° events were
tagged from thé®2Dy reaction channel.

THE QUASI-CONTINUUM

Double coincidence gates were placed on clean combinatibtransitions in the SD band 1 2Dy [6] and the
resulting spectra carefully background subtracted [12hWocal background spectra in each Gammasphere polar
angle. The spectra were then corrected for neutron inferecf10], unfolded [20] and normalized to the number of
y cascades. The sum of angle sorted spectra, after remova discrete peaks, and a correction for Doppler shifts,
is shown in Fig 1. The QC spectrum clearly shows two companemte is from the feeding of the SD band and the
other is associated with the decay—out (DO) of the SD bandXtatdtes at lower spins. Fig. 2 shows the Q/ odys
when double coincidence gates are set on normal transitici¥4Dy. For both spectra an isomer tag was required as
well.

THE RIDGE SPECTRA

Just as the QC spectra were extracted by placing doubleideimze gates on ND and SD lines, 2D matrices were
generated using the same combination of clean gates. Iti@utti double—gated matrices, single—gated and un—gated
matrices were generated as well so that the double gateitesatould be background subtracted using a modified
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Figure 2. The QC ofy rays when double coinci-
dence gates are placed on a combination of ND
transitions in the spin range 28-3 in 152Dy.
The isomer tag is required as well. The spectrum
is similar to that reported in [10] The dotted line
is a calculated E1 statistical feeding spectrum, the
dashed curve shows the calculated E2 quadrupole
y—ray spectrum and the solid line is the sum of
these two calculated components. As in Fig. 1, the
model calculation does not yet include the third
M1/E2 dipole QC component originating from the
last step into the discrete line region at low energy
(< 1 MeV).
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version of the background subtraction method of Ref. [168}y with matrices instead of 1-dimensional spectra. The
background subtracted double gated matrices were unfakiad a 2D version of Radfords unfolding procedure [20].
The matrices were then 'COR subtracted’ [23], i.e., an urgdated matrix (but only of the relevant local region) is
generated from a projection and subtracted so that thetirgguhatrix has no net counts. The resulting matrix will
indicate more than average correlation areas with pogibusits (most notably — y peaks and QC coincidences) and
under-correlated areas with negative counts (with the @lim® the diagonal the most obvious example — sinys
tend not be in coincidence withrays of the same energy).

Before performing a projection of these matrices onto as prirpendicular to the diagonal, resulting in the so—
called ’ridge spectra’, it is very important to remove angalete peaks in the region that is projected. For relatively
strong peaks in the matrices, especially in the double SBdgauatrix, the entire stripes along th%Emd axies
are removed in order to discard the overwhelming contrinuftiom these 'stripes’ to the cross—diagonal projectian. |
the procedure used in this work, no repairs’ are made fokpaad stripes removed. Instead, the effect of the missing
matrix areas is extracted and usedtorectthe cross-diagonal projections from the matrices with thigsing stripes
and single correlations. It can be shown that the resultidges are very close to the true ridges. The calculatedsidge
discussed below, are treatexictlyin the same way so that any possible artifacts from removiadkg and stripes do
not affect the comparison between the experimental datdhensimulations. Fig. 3 shows the calculated ND ridges
obtained this way and Fig. 4 presents the SD ridges.

CALCULATIONS

A Monte Carlo approach is used simultaneouslyeproduce both the QC spectra in Figs. 1 and 2 and the ridges in
Figs. 3 and 4. The code also reproduces4l286 SD feeding, among other features. The Monte Carlo mocks us
in the mass A- 190 region [9] was modified to handle the two components ofidraping,l" ;4. andlMpar , which
theory [15] suggest should be necessary (as confirmed iratfikysis) in order to reproduce the observed ridges in
Figs. 3 and 4. The calculation follows tlyecascades from the entry distribution, i.e., the region éghin and energy
plane populated after the last particle has been evaporEteg cascades are followed until they are closel(MeV)
to either the ND or SD yrast lines, when M1/i2ays are emitted in the last few steps towards the discratessof
the nucleus [9].

For each step, a total of eight decay widths are calculataethety those of E2 quadrupole transitions and E1
statistical transitionsfl = —1,0,1) in both the ND and SD wells. If the nucleus is SD at the timéd&day, the four
decay widths in the ND well are attenuated by the penetratrobability through the barrier that separates the ND
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Figure 3. The ridges obtained when co-
incidence gates are placed on the same
ND lines in 152Dy as in Fig. 2. The
points with error bars are the data.
The solid line is a calculation of the
ridges. Most of the narrow ridge struc-
ture is fromy rays emitted while the
nucleus is prolate superdeformed. Only
the slowly changing underlying ridge
structure is fromy rays emitted when
the nucleus is normal deformed (mostly
slightly oblate).
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and SD states. The barrier penetration attenuation is Iatige SD state is deep in the SD well, and near unity at the
top of the barrier. On the other hand, if the nucleus is in &estathe ND well, the four calculated decay widths in the
SD well are attenuated correspondingly. The subsequenydssth is selected in a Monte Carlo fashion from values
of the eight decay widths. If a ND decay width is selected titendecay occurs in the ND well and visa versa.

For E2 transitions, first the wide or narrow component isctel: An additional Gaussian deviation around the
mean energy (determined by the moment of inertia and the &padded, the width of which is based on the input
rotational damping values; ;. andlyar. This is actually done before the final E2 decay widths areutaled, since
the B term in the decay width formula will strongly favor E2 decayisere the (mostly) wide component happens to
add to the decay-ray energy, giving rise to an important extra cooling of ftmscades.

In the simulations, the singlgrays of the cascades are binned, forming the QC spectraagégpin Figs 1 and 2.

For the ND (or more appropriately ALL) QC, Fig. 2 , alicascades are used. For the SD QC, Fig. 1, only cascades
trapped in the SD well, which happens about 2% of the timeuseel.

The calculateg—y coincidences in the cascades, are binned iry2pPmatrices after correcting for the experimental
detector efficiency. The simulated 2By coincidence matrices have peaks and 'stripes’ removelofadth discrete
peaks are notincluded in the model), and are core subtraotactlylike the experimental data. Subsequently, the ridge
spectra are produced by projecting cross—diagonally fl@saimey energy region as for the experimental matrices.
Figs 3 and 4 presents the ridges obtained this way with thes Ssiection of cascades as for the experimental QC
spectra.

Work is in progress to measure the entry distribution. Haveat the moment, a calculated entry distribution from
a modified EvapOR code is used [24]. TR, ., Values, as well as the selected fraction of each, will deend
both spin and excitation energy. However, in this first atieta calculate the QC and ridge spectra, constant values
are used for simplicity in these demanding simulations.

CONCLUSIONS AND FUTURE PROSPECTS

As can be seen in Figs. 1 to 4, the simulated spectra compdireitbethe data, especially considering the limitations
of the simulations discussed above. The simulated spearsh@awn with the best determined parameters, the most
important of which are listed in Table 1. Ridges as narrovhasones observed in Fig. 4 have also been observed in
1949 [25]. At least four ridges are observed as well as a shaltaivey in Fig. 4. The sharp ridges seen in Fig. 3 are
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from y rays emitted while the nucleus is in the SD well, while thep#gevalley is from the~y correlations in the ND
well.

To improve the simulations, a dedicated experiment to nrea$ie entry distribution for the reaction populating
the 152Dy channel has been performed and the analysis is in progieesnext step will be to use spin and energy
dependenf; ., distributions both for the narrow and wide components, dbasevariable fractions between them,
from ref. [12] to see if the measured ridges and QC spectrabeareproduced better. This will first be done in the
ND well, subsequently in the SD well, where the theory in [&2] may not be so robust. First exploratory attempts
have shown that thg ;. values from ref. [12] in the ND minimum works well (i.e., it proves the calculated ND
QC spectrum significantly), but ref. [12] underestimatesitf,,, values in the SD well. However, it will take further
Monte Carlo simulations and analysis to confirm this pratiany statement and there are also other calculations [26].
The calculations in ref. [12] also agree well with the twdeliént NDT .. . values that had to be used in the feeding
at high spins, and decay—out at lower spins.

As can be seen in Fig. 1, the feeding and decay-ouy@ys overlap significantly and they are reversed compared
to the A~190 mass region. This analysis shows that in thelB0 mass region, it may be difficult to experimentally
extract the decay—out QC and determine spin and excitatiergg, as was done in the~490 mass region [9].

In the feeding region, where the spin is high, there is quéarty no pairing left. However, it was found that in order
to reproduce the QC in Fig. 1 for the decay—guhys, somewhat larger pairing strength than indicated in [28]
had to be applied, see Table 1. From the simulations, it &sfalsnd that~20 % of all they rays in this reaction, at this
beam energy, are emitted while the nucleus is SD — even thanigh- 2 % end up in the observed discrete SD bands.
As a matter of fact, the ridges in Fig. 3 are so dominated by tlag's emitted while the nucleus is in the SD well that
the ridges associated withdecays in the ND well are somewhat obscured. It is probablyhwmdile to measure the
ridges at a lower beam energy, where the nucleus will spessctikme in the SD well, to determine thg,, .. values
in the ND well with less interference and, thus, with betteruaacy.

The analysis presented here is in progress and all reswoltdédshe considered preliminary.

wide



TABLE 1. Key parameters used in the Monte Carlo simulations pre-
sented in Figs. 1-4. The average static moment of inertiaristedd (V.

The extracted values of the rotational damping wilith,., wide and
narrow components, as well as the fraction of the narrow corapt that
was selected, are shown. These values represent averags valthe
relevant spin and excitation energy regions. The valuekeback-shift
parameter in the level density formula [27] is denofed ;. andl nar,
which are FWHM measures, are relateditg, andl", in [15, 16] as

shown.

| parameter | ND well decay—out| ND wellfeed | SDwell |
| I Mol |  73f®/Mev | 73R?/MeV | 85K?/MeV |
| Thar~2y | | ~B6keV | ~10keV |
| Twige™ 2ot | 300keV | 610keV | 340keV |
| narrow fraction | 0% | 17% | 30% |
| Aback-shift | ~15MeV | OMeV | OMeV |
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